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BASE COURSE AND BITUMINOUS PAVEMENT REQUIREMENTS 


W. J. Turnbull’, M. ASCE, and O. B. Ray’, M. ASCE 


This paper presents various phases of base course and bituminous pave- 
ment design and construction as practiced by the Corps of Engineers in the 
continental United States and in other areas considered as “zone of interior.” 
Problems are discussed which are related to low-pressure tires, which are 
those in the range of 100 psi, and to high-pressure tires, which are those in 
the range of 200 psi. The subgrade problem is specifically excluded from 
this paper because of space and time limitations. 

The aircraft that operated in World War II were equipped with tires which 
had a limitation on inflation pressure of about 100 psi. The largest tires 
could be loaded to only about 40,000 Ib. Since that time tire design has im- 
proved to the point where tires are now being operated on aircraft at pres- 
sures up to 240 psi and experimental tires are available which can be inflated 
to 300 psi. The larger tires in common use can be loaded to about 60,000 lb. 
In addition to the improvement in tires, the aircraft designer is also employ- 
ing multiple-wheel gears. 

The use of high-pressure tires and multiple-wheel systems is beneficial 
from the standpoint of aircraft design, in that, total weight and space require- 
ments are less, and it can be anticipated that designs of commercial aircraft 
will move in this direction. It is significant to note that the Boeing Strato- 
cruiser has tires that are inflated to about 145 psi. 

From the standpoint of base course and pavement design, the use of multi- 
ple-wheel systems presents no serious problem although it does require the 
development of design criteria for these gears. The moderate increase in 
tire-load presents a minor problem to the airfield designer, but neither of 
these two developments presents the problem that the increase in tire pres- 
sure presents. The increased problem is most severe in the upper base 
course and in the pavement. 


Base Course 


The great advances in tire pressures of military planes have created new 
problems in the construction of flexible pavement base courses that will re- 
sist consolidating or rutting under the compactive effort of traffic. Of prime 
consideration in connection with the solution of these problems is the quality 
of the material that goes into the upper base courses. The crushed materials 
usually are at the top of the list for quality. Crushed limestone, granite, trap- 
rock, and similar materials are excellent whether used as dry-bound macadam, 
water-bound macadam, or as stabilized aggregate. However, well-graded 
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gravel, crushed slag, limerock, and coral may be used satisfactorily as base 
courses. Mixtures of dead-re2f oyster shells and sand, in various proportions, 
have proved acceptable as base courses in both tests and prototype construc- 
tion but were of slightly lower quality than the materials mentioned previous- 
ly. Clayey gravels and clayey sands are considered as inferior base course 
materials but have been used with success as subbase materials, particularly 
when the degree of maturation obtained under the pavement has remained 
relatively low. 

In all cases, the liquid limit and the degree of plasticity of the fines in the 
base course materials are important. A liquid limit of 25 per cent is desira- 
ble as the maximum allowable for that portion of the aggregate passing a no. 
40 sieve. Studies of pavement conditions made by the Waterways Experiment 
Station showed that in 23 instances where the liquid limit of the fines was 25 
or less, 18 base courses gave satisfactory service and only 5 failed; while in 
10 instances where the fines had liquid limits above 25, only 2 base courses 
were satisfactory and 8 failed. The upper limits for the plasticity index of 
the fines have been placed at 6 per cent. The Waterways Experiment Station 
studies mentioned above have shown that of 17 base courses in which the plas- 
ticity indexes were less than 5 per cent, no failures occurred. Of 9 base 
courses having plasticity indexes of 5 and 6 per cent, 3 failed, and of 13 having 
percentage values above 6, 10 failed. Thus, the plasticity index of that portion 
of any base course material passing the no. 40 screen appears to be quite 
critical. In the studies mentioned above, all base materials had maximum 
grain sizes of 1 in. or larger. 

It should be borne in mind that the requirements for the upper portion (say 
the upper 6 in.) of a base course are much more exacting than the require- 
ments for the lower portion or the portion that can be considered as the sub- 
base. In most areas, it proves both economical and satisfactory to use rela- 
tively inferior local material as a subbase course and use a minimum thick- 
ness of high-grade material as the upper base. 

The Corps of Engineers’ guide specifications permit the use of crushed 
materials only, in the upper six inches of the base course for 200 psi tires. 
Natural uncrushed gravels that meet reasonable gradation requirements with- 
out screening, blending, or processing are seldom available. Clean uncrushed 
gravels tend to be difficult to place and compact due to the unbound surface 
conditions. These materials give excellent service when surcharged with the 
remainder of the pavement. One word of caution is that under no circum- 
stances should clay or other plastic fines be added tc bind the surface. Nu- 
merous instances can be cited where cohesionless materials were bound with 
plastic fines and subsequently failed when the plastic fines became saturated. 

The limiting gradation bands for stabilized aggregate base course materials 
can be somewhat wider than those for bituminous pavement aggregates. How- 
ever, the gradation curve for a material should parallel the limiting band 
curves and not pass from one of them to the other. The fraction of the aggre- 
gate passing the no. 200 mesh screen should be less than half of the fraction 
passing the no. 40 mesh screen. The maximum particle size of the aggregate 
should not exceed two thirds of the compacted lift thickness. 

Hand-placed Telford bases are in fairly general use in European countries, 
but are seldom considered for use on American airfields. This probably is 
due in part to the time-consuming job of placing the Telford stone and to our 
aversion for hand methods. A Telford base was included in the test section 
constructed at Marietta, Georgia by Waterways Experiment Station personnel. 
One layer of Telford stones was embedded in a sand cushion, keyed with spalls, 
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and choked with screenings. The total thickness of base was 16 in., 6 in. of 
sand and 10 in. of stone. This base was paved with 2 in. of asphaltic concrete 
and tested with 20,000- to 30,000-lb single-wheel loads and 40,000- to 60,000-Ib 
dual-wheel loads. Contrary to the expected behavior, the performance of this 
Telford base was much poorer than would have been anticipated from an equal 
thickness of crushed-stone base built by normal practices. 

Base-course strength requirements are much greater near the surface than 
near the bottom of the base. Specifically, the base course strength required at 
a depth of 5 in. below the surface of the pavement is slightly more than twice 
that required at a depth of 10 in. below the pavement surface. This is not a 
straight-line variation but is applicable to the upper portion and does indicate 
the need for a high-quality material in the upper 5 or 6 in. of the base. An in- 
crease in tire pressure also increases the strength requirements for the base 
course, especially in the upper 6 in. or so. As an example, when designing for 
a wheel load of 30 kips, the base-course strength requirements at 5 in. below 
the pavement surface are about one third greater for a contact pressure of 200 
psi than for a contact pressure of 100 psi. 

The California Bearing Ratio (CBR) of a soil or of a base course is a meas- 
ure of its ability to resist shear, and hence is an indication of its load-bearing 
capacity. It may be defined as the ratio of the strength of the soil in question 
to that of a material of standard quality chosen for comparison. During all 
pavement tests conducted at the Waterways Experiment Station in connection 
with the development of design criteria, frequent CBR measurements have 
been made on the base courses. CBR measurements have also been made on 
base courses in both satisfactory and unsatisfactory areas of airfield pave- 
ments studied in connection with pavement behavior surveys. Indications are 
that for a good-quality asphaltic concrete pavement to withstand, successfully, 
traffic by planes having wheel loads up to 50 kips and tire pressures up to 200 
psi, the surface CBR of the base course had to be at or above 80 per cent. 
However, the same pavement on a base course having a CBR of only about 60 
per cent would carry the same traffic when the tire pressure was approximate- 
ly 100 psi. It should be pointed out that for a base course to continue serving 
satisfactorily it must be made of material that will retain its strength and 
maintain the required CBR after being subjected to the compactive action of 
traffic and after some increase in moisture content which often develops under 
a bituminous pavement surface. If the base course is made of a material in 
which pore pressure will develop under consolidation resulting from the com- 
pactive action of traffic, its CBR values will be reduced and failure will occur. 
If the base contains enough plastic fines to act as a lubricant, it will be soft- 
ened and failure will occur with an increase in moisture. 

Observations during pavement tests at the Waterways Experiment Station 
and studies of pavement behavior have shown that continued traffic with wheel 
loads of 50 kips and tire pressures of 200 psi produces compactive efforts in 
a flexible pavement base materially greater than has been possible by normal 
use of ordinary compaction equipment. Densities considerably in excess of 
100 per cent modified AASHO compaction have been measured in test lanes 
after traffic tests. This indicates a need for equipment and methods that will 
produce base course densities at or above those produced by modified AASHO 
effort. To meet this need, very heavy pneumatic-tired rollers are being pro- 
duced for use in airfield construction. Some of these rollers originally were 
equipped with industrial tires which were sufficiently rugged to take the load, 
but were of large cross section for low inflation pressure, that is, less than 
100 psi. Now they are being equipped with special tires capable of withstanding 


424-3 


{: 
/ 
/ 
. 
af 


inflation pressures up to 150 psi which enables them to exert contact pres- 
sures more nearly comparable to those exerted by the modern airplanes. 
These heavier rollers should give the same, if not a greater, degree of com- 
paction as the airplaces since the rolling will be accomplished on each layer 
of the base. 

The Waterways Experiment Station at the direction of the Office, Chief of 
Engineers is preparing to conduct a series of studies, one phase of which will 
be designed to establish practical and if possible competitive methods by 
which base courses can be compacted to the extent that there will not be any 
appreciable amount of further consolidation under airplane traffic. 

The compactive effort exerted on a base course must be fitted to the 
strength of the material directly beneath the particular layer that is being 
compacted. For the same compactive effort, better density will be obtained 
in a base course as the strength of the subtrade or subbase increases due to 
less springing and greater rigidity of strong subgrades. A roller which is too 
heavy may over-compact the subgrade or subbase beneath the first lift, re- 
sulting in decreased strength of the subgrade or subbase due to the develop- 
ment of pore pressure, which in turn tends to increase springing, thus result- 
ing in a weaker base course than would be obtained by a lighter roller. In- 
creased effort can be applied to each succeeding lift of the base course until 
full compactive effort can be applied on the third or fourth lift. 


Bituminous Pavements 


The original development of the Marshall procedures by the Corps of En- 
gineers was for 100-psi tires. Higher tire pressures induce higher shearing 
stresses within the pavements and also produce greater compaction. The 
combination of these two has required certain changes in the Marshall design 
procedures and in the quality requirements for the aggregates. For 200-psi 
tire pressures, the laboratory compactive effort in the Marshall design test 
was increased from 50 (for 100 psi) to 75 blows on each side of the specimen, 
the stability requirement was doubled, the flow requirement was reduced from 
20 to 16, and the voids criteria changed slightly. The over-all effect has re- 
sulted in denser pavements with slightly lower asphalt contents than are spec- 
ified for 100-psi tires. 

Gradation requirements have been changed to some extent both to improve 
quality and to improve surfaces texture for better resistances to jet blast and 
spillage, as discussed subsequently. A slight narrowing of the limiting grada- 
tion band and a slight reduction in per cent of material passing the 200-mesh 
screen were the principal changes. However, it was found necessary to watch 
gradation a little more closely and hold the gradation curve a little more near- 
ly parallel to those of the gradation bend than was formerly necessary for the 
lower-pressure tires. Also, more attention is necessary regarding hardness 
and durability of the aggregate and percentage of crushed faces than formerly 
in order to obtain the necessary resistances to displacement. 

Specifications require that field densities of 98 per cent of the laboratory 
density be obtained during rolling. In general, this requirement has necessi- 
tated better rolling techniques in the field. The requirements for a good sur- 
face texture in the relatively lean mixes have also necessitated the use of 
rubber-tired rollers on the hot pavements and in some instances brooming 
directly behind the spreader. 

The thicknesses of bituminous pavement specified by the Corps of Engi- 
neers provide sufficient protection to prevent shear deformation in the 
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underlying base and excessive differential settlement due to consolidation. It 
has not been possible to establish pavement thickness requirements theoreti- 
cally and they have been established on the basis of service behavior data col- 
lected in accelerated traffic tests. The criteria for 100-psi tires are based 
on results of tests reported in Technical Memorandum No. 3-254.° Test sec- 
tions have been constructed and traffic-tested to establish requirements for 
200 psi. The data from these sections have been used in establishing the cri- 
teria, but published reports are not available as yet. It has been found that 
where high-quality base is available, certain minimum thicknesses of asphalt- 
ic pavement can be used. These are listed in the following table. 


Tire Minimum Thickness 
Wheel'Assembly Pressure Load on Assembly of Pavement, In. 


Single 100 30,000 lb and under 
Above 30,000 lb 

200 30,000 lb and under 
Above 30,000 lb 


Duals (37.5-in. See note 45,000 lb and under 
spacing) 45,000 Ib to 60,000 Ib 
Above 60,000 Ib 


Twin tandem See note 125,000 lb and under 
(31- by 60-in. Above 125,000 Ib 
spacing) 

Note: Tires on dual and twin-tandem assemblies are maintained at a constant 

contact area of 267 sq in. by varying the tire-inflation pressure with 
the wheel assembly load. 


Where the base course immediately below the pavement is not of high qual- 
ity, it can be compensated for by increasing the thickness of pavement. The 
thickness of pavement required for base courses with CBR values less than 
80 is obtained from the CBR design curves. CBR design curves for single 
wheels at 100- and 200-psi tire pressures, and for three multiple-wheel as- 
semblies, are shown in figures 8 and 9 of ASCE Separate No. 163, entitled “A 
Comparison of Design Methods for Airfield Pavements.” 

The use of airfields by jet aircraft has injected special problems into the 
design, construction, and maintenance of bituminous pavements from two 
sources, namely, heat and blast, and fuel spillage. 

The first of these is the most spectacular probabiy because of the terrific 
noise and the heat that issue from the exhaust nozzle. Certainly both the heat 
and the blast are great enough to destroy a flexible pavement wearing course 
if the nozzle is near enough and the impinging angle large enough but, actually, 
damage to pavement by heat and blast during normal operation of jet planes 
has not been very great. This is due partly to the facts that the exhaust noz- 
zles are fairly high (40 to 49 in. on fighter planes and 70 to 84 in. on bomber 
planes), and the angles of impingement are comparatively flat (horizontal to a 
little over 4 degrees for fighters; from about 5 to 8 degrees for bombers), and 
partly to the fact that the planes seldom blast long in any one area. Time- 


3. Waterways Experiment Station Technical Memorandum No. 3-254, “Investi- 
gation of the Design and Control of Asphalt Paving Mixtures,” May 1948. In 
3 volumes. 
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movement studies conducted jointly by the Air Force and the Corps of Engi- 
neers in 1951 furnished data from which average blast durations at various lo- 
cations on an airfield could be arrived at for use in blast tests of actual pave- 
ments. The longest and most severe blasts were found to occur during main- 
tenance run-ups where the engines are checked after having been repaired. 
The duration selected for simulating maintenance run-ups in the blast tests 
was 14 minutes with two 1-1/2-minute periods at 100 per cent power. Eighty 
per cent of the actual observations of maintenance run-ups at the airfields 
during the survey showed durations less than 14 minutes. The most severe 
blast duration selected for use in the tests was the 14-minute period increased 
by 50 per cent. When the tests were conducted, no damage occurred behind 
any of the fighters. The bombers blasting at the larger angles and at full 
power raised the pavement temperature to about 385°F and caused some ero- 
sion. 

The spillage of fuel on asphaltic concrete pavements probably has caused 
more damage than heat and blast from jet engines. The immediate effect of 
jet fuel spilled on asphaltic pavements is a temporary softening of the bitumen 
at the surface. In cases of incidental spillage, the fuel soon evaporates and no 
permanent damage results. This is true even where a comparatively large 
quantity of fuel is spilled provided no ponding occurs. Waterways Experiment 
Station engineers made observations at three representative fields where jet 
planes were based early in 1953 to determine the manner and quantity of fuel 
spillage that caused damage. It was found that appreciable damage occurred 
only where fuel was spilled repeatedly and frequently in the same place. Since 
a small quantity of fuel is spilled each time a jet engine is stopped, the criti- 
cal conditions were found to exist on parking aprons where the planes park in 
the same position after each mission. Observations showed that the quantity 
of fuel spilled by each engine was just slightly less than 1 qt. This was true 


for each engine, whether on multiple-engine bombers or single-engine fighters. 


It was also found that the maximum number of times fuel was spilled in a 
Single day at these parking positions was about four. Hence, for use in the 
conduct of future tests, 1 qt of fuel spilled in the same spot and at regular in- 
tervals four times per day was selected as the worst spillage condition likely 
to occur on any portion of an airfield. During the observations at the various 
fields it was found that considerable permanent damage was occurring at the 


points of repeated spillage. The extent of the damage varied at different fields. 


Where the interval between spillage was long enough for the fuel from one 
spillage to evaporate before the next one occurred, and on old well-trafficked 
pavements, the damage was light. However, where spillage occurred three or 
more times daily, and especially on fresh pavements, damage developed in a 
small localized area. This damage consisted of softening and finally leaching 
out of the asphaltic cement to the extent that the aggregate could be scuffed 
out. Studies for determining methods of eliminating or reducing the detrimen- 
tal effectsof fuel on pavements are currently under way. 
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